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D r .  George Jacobs 
Code 5B 

, NASA Headquarters 
'Washington, D. C. 20546 . 

Ref: NASw-1066 - I'General Dynamics o f  Phys ica l  Chemical Systems i n  
Mammals". F i r s t  Quar te r l y  Progress Report, December 7, 1964 

Dear D r .  Jacobs: 

I n  accordance w i t h  the  requi rements o f  t he  referenced cont rac t ,  we 
a re  submi t t ing  t h i s  repo r t  f o r  the f i r s t  qua r te r  - August 20 t o  November 
20, 1964. A lso  inc luded i s  t h e  pe r iod  June 1 t o  August 20, 1964 as author-  
i zed  i n  A r t i c l e  XV o f  the  contract ,  e n t i t l e d  "Date o f  Incurrence o f  Cost". 

I - Summary o f  Work Performed 

A Technical repo r t  was prepared and submit ted t o  the  Bioscience 
Programs Of f i ce ,  September 1, 1964. It contained r e s u l t s  o f  s tud ies  on 
human thermoregulat ion,  t h e  card iovascular  system, the  hormonal system, 
and the  behaviora l  system. A new d e f i n i t i o n  o f  l i f e  has been developed 
based on ideas o f  l i m i t  cyc le  engine o s c i l l a t o r  opera t ing  c h a r a c t e r i s t i c s  
o f  these l i v i n g  systems. 

1. The content  o f  t h e  work on human thermoregulat ion was g iven as a 
t a l k  i n  November 1964. I t  i s  summarized i n  the  at tached abs t rac t  o f  the  
paper read a t  t he  17th Annual Conference o f  Medicine and Bio logy he ld  i n  
Cleveland, November 1964. 

2. The mode l l ing  o f  the card iovascular  system has proceeded t o  a 
s a t i s f a c t o r y  exp lanat ion  o f  t he  damping i n  the a r t e r i a l  system and a 
phys i ca 1 -mathemat i ca  1 theory f o r  a r t e r i a  1 branching. 

3 .  The s tud ies  o f  the  hormonal system has concentrated on c y c l i c  
mechanisms o f  i n t e r e s t  i n  temperature and water regu la t ion .  The paper on 
human temperature r e g u l a t i o n  contains b r i e f  d iscuss ion  o f  two hormons 
mechanisms. I n  a d d i t i o n ,  the  September repo r t  pos tu la ted  a t h y r o i d  i n -  
volvement i n  water balance on a longer t ime bas is .  A mechanism f o r  blood 
glucose regu la t i on  based on a 30 second c y c l e  found by Anderson a t  a1 (1956) 
and involvement o f  i n s u l i n  has been suggested. 

4. The d iscuss ion o f  the  behavioral  system was cont inued w i t h  especia l  
reference t o  app ly ing  the  dynamic o s c i l l a t o r  concepts t o  exp lanat ion  o f  
behavior and i t s  poss ib le  mechanisms. 
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5. A second techn ica l  repor t  i s  i n  progress. I t i s  con t inu ing  the 
s tud ies  i n  t h e  f o u r  major system areas. 
w i l l  begin a p r e l i m i n a r y  survey o f  neuroanatomy and physiology w i t h  t h e  
o b j e c t  o f  u l t i m a t e l y  a t tempt ing t o  b r i n g  the anatomy and behavior i n t o  a 
s i n g l e  u n i f i e d  model. Experimental work i n  the  hormonal and behavior 
system i s  being p lanned. to  t e s t  the t h e o r e t i c a l  models. 

The s e c t i o n  on the  behavior system 

6. A more v igorous ly  complete mathematical ana lys is  o f  the  pressure- 
f l o w  r e l a t i o n s  i n  t h e  card iovascular  system i s  cont inu ing.  I t i s  not l i k e l y  
t h a t  there  w i l l  be any changes i n  t h e  .conclusions a r r i v e d  a t  i n  t h e  cruder  
t reatment reported on i n  the  September techn ica l  repor t .  Th is  work lays a 
foundat ion f o r  ana lys is  o f  normal and abnormal operat ional  c h a r a c t e r i s t i c s  
o f  the  card iovascular  system and should be o f  i n t e r e s t  u l t i m a t e l y  i n  d iagnosis  
and moniter ing.  

7. When complete, i t  i s  planned t o  submit a paper on the card iovascular  
system ana lys is  t o  t h e  P r o j e c t  O f f i c e r  f o r  approval f o r  presentat ion.  
paper i s  a l s o  being prepared from the  m a t e r i a l  covered i n  the t a l k  on human 
temperature regulat ion.  

A 

8. The o s c i l l a t o r  concepts discussed and developed i n  t h i s  program 
have led  us t o  t h e  conclusion tha t  an instrument va luable i n  medical d ia -  
gnosis and p h y s i o l o g i c a l  research could be developed based on the  spec t ra l  
ana lys is  o f  c y c l i c  phenomena i n  mammals. With verbal  permission o f  t h e  
P r o j e c t  O f f i c e r ,  a p r e l i m i n a r y  proposal f o r  development o f  such an instrument 
has been submit ted t o  the  medicine and b io logy  branch o f  the  Atomic Energy 
Commission. 

9. The review which served as the  i n t r o d u c t o r y  repor t  i n  the p r i o r  
programs (NASw-678) has been publ ished i n  t h e  Annals o f  the  New York 
Academy o f  Sciences, Vol 117, A r t i c l e  1 ,  pages 445-515, September 10, 1964. 

I I  - P r i n c i p a l  I n v e s t i g a t o r  

The p r i n c i p a l  i n v e s t i g a t o r  i s  our c h i e f  P h y s i c i s t  A. S .  I b e r a l l .  I n  
t h i s  repor t  per iod,  he has devoted 358 hours t o  t h i s  p r o j e c t .  

1 1 1  - T r i p s  t o  S c i e n t i f i c  Meetings 

1. J o i n t  Automatic Control  Conference, Stanford U n i v e r s i t y ,  June 
24-26, 1964. 

I n  p a r t  o f  a con t inu ing  e f f o r t  t o  keep abreast o f  what i s  new i n  c o n t r o l  
theory o r  i n  the phys ica l  and engineer ing p o i n t  o f  view, A. S .  l b e r a l l  attended 
t h e  1964 JAC Conference. Th is  appl ies d i r e c t l y  t o  the  present program, s ince 
an important ob jec t  o f  t h i s  program i s  t o  apply  the  phys ica l  concepts o f  
c o n t r o l  t o  b i o l o g i c a l  systems analys is .  Among important subjects  discussed 
a t  the meeting were one fo l low ing ;  Adapt ive c o n t r o l ;  opt imal c o n t r o l ;  
systems design and ana lys is ;  and m u l t i v a r i a b l e  and m u l t i l e v e l  systems. 
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2 European Trip Report 

The principal investigator, A. I berall , used the opportunity of atten- 
dance at an ONR sponsored European conference in Norway on hydrodynamics to 
discuss and investigate a number of problems of quite immediate interest to 
this current biophysics report. These items are touched on chronologically. 

1. IMEKO Conference, Stockholm, September 14-18, originally an Iron 
Curtain country sponsored conference on instrumentation, it has sought to 
develop the prestige o f  IUTAM, and other similar international groups. 
Previous meetings were held in Budapest in 1958 and 1961. By this third 
meeting they have succeeded in involving Swedish, British, Italian, Japanese 
and some cooperation from American Automatic Control Council to which 
lberall is a delegate, and its international parent body, International 
Federation of Automatic Control). 
is Hungarian, Bulgarian, Czech, Polish, Romanian, Russian, German and 
Chinese. Individual representatives also were present from many other 
countries. The purpose of attending was to note this degree to which 
biological measurements received attention in such an international 
measurements meeting, to note any measurements or instruments suitable 
for biophysical measurements, to note any discussion arising on man in 
space programs. A capsule judgement is that the group is still essentially 
Hungarian dominated, that it is a light-weight group, that both Eastern 
and Western countries are very cautious in their desire to become anything 
more than casually involved in IMEKO. 

The Iron Curtain country participation 

2. C. von Euler, Karolinska Institute, Stockholm. Progress in thermo- 
regulation, and ventilation dynamics was discussed. Our latest oxygen 
choke adrenaline muscle engine cycle was received with great interest. 

3 .  I .  Porja, St. Erike Hospital, Stockholm. Arterial hemodynamics was 
discussed and the status of modelling of the arterial pulse was discussed. 
Considerable interest in seeing our latest work in this area was expressed. 

4. J. Defares, Univ. of Leiden, Netherlands. He was out o f  the 
country, but his recent work in preliminary syntheses of the cardiovascular 
system was discussed with his coworkers. 

5 .  A Nordergraaf, Utrecht, Netherlands. Respective work in the 
arterial system was discussed and compared. 

6 .  L. van der Tweel, Univ. of Amsterdam, Netherlands; McCulloch, MIT. 
The most recent work carried out in the September 1964 report was presented 
and defended to this most interested audience. A very lively discussion, 
and sympathetic acceptance was achieved. 
unde rwent cons i derable quest ion i ng. 

The work on the arterial pulse 
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7. A .  Remond, Hospital Salepetriere, Paris. The dynamic biological 
spectral work was discussed and compared with the eleotroencephalographic 
and, conversely, it was quite clear that his encephalographic work will 
pave the way for the entrance o f  the current behavioral studies o f  the 
dynamics of the neuroanatomical-neurophsiological system. An added 
historical treat was the opportunity to visit the laboratory of Charoot, 
and to spend a little time in his library. 

8. P. Dejours, Hospital Salepetriere, Paris. Work on the ventilation 
system and other system dynamics was compared. 
number of investigators - Gray, Grodins, Defares, Visser - to which the 
current dynamic systems analysis being developed would have greatest appeal). 

(Dr. Dejours is one o f  a 

9. D. Kerslake, Farnborough, England. Work on temperature regulation 
and seating was discussed and compared. 

You rs t rul y , 

S. Cardon, Vice President 
GENERAL TECHNICAL SERVICES, INC. 



-, . HUMAN TEMPERATURE REGULATION - A 1964 MODEL 

' 4. S. I b e r a l l  and H. S. Cardon 
~ Gemeral Technical Services,  Inc.  

Cleveland, Ohio 

Human thermoregulat ion has been from the  f o l l o w i n g  elements. A specture 
o f  susta ined l i m i t  c y c l e  c a c i l l a t i o n s  o f  about 100, 400, 1400, and 12000 seconds 
i s  found i n  temperature, v e n t i l a t i o n ,  and o t h e r  system data. 

The 100 sec. c y c l e  i s  bas ic  engine c y c l e  and i s  t h e  v e h i c l e  f o r  heat product ion 
and i t s  regu la t ion .  The c y c l e  a r i s e s  p r i m a r i l y  i n  the  s k e l e t a l  muscles from unstable 
u n i t s ,  each u n i t  c o n s i s t i n g  o f  several  muscle c e l l s  and an oxygen supply c a p i l l a r y .  
The uns tab le  u n i t  would normal ly  tend toward a maximum oxygen use rate,  except t h a t  
the  oxygen supply i s  choked i n  a 100 sec. cyc le  o f  c a p i l l a r y  opening and c l o s i n g  med- 
i a t e d  by t h e  v a s o d i l v a t i v e  a c t i o n  o f  adrenaline. The open-close a c t i o n  o f  t h e  c a p i l -  
l a r i e s  c i r c u l a t e  i n  l o c a l  areas as a quasi-coordinated r i n g  o s c i l l a t o r  nons ta t ionary  
s i g n a l  w i t h  about 100 sec. p e r i o d i c i t y .  The heat pulses f rom these l o c a l  r i n g  
o s c i l l a t o r  systems account f o r  heat pulses, oxygen consumption pulses,  and v e n t i l a -  
t i o n  pulses t h a t  appear. Other i n s t a b i l i t i e s  become involved i n  the  same non- 
s t a t i o n a r y  100 sec. c y c l e  by non- l inear synchromizing. The d r i v i n g  adrenal ine l e v e l  
i n  t h e  blood i s  probably regulated i n  a longer c y c l e  coupled t o  a metabol ic product.  

The 400 sec. c y c l e  i s  a hormonally medicated c y c l e  a r i s i n g  from t h e  hypothalamus. 
The a c t i o n  o f  the  hypothalamus i s  t o  determine through t h e  nervous system t h e . r e l a -  
t i v e  blood f l o w  through t h e  major c i r c u l a t i o n s ,  t h e  s k e l e t a l  muscles, sk in ,  b ra in ,  
i n t e r n a l  organe, etc., by r e g u l a r i s i n g  i n t o  a r i n g  o s c i l l a t o r  the  c o n f l i c t i n g  f l o w  
demands among t h e  var ious systems. An o v e r - a l l  blood f l o w  400 sec. c y c l e  i s  regu- 
l a r i s e d  by a hormone (vasoprossin) released i n t o  t h e  b lood through t h e  hypothalsmus- 
p i t u i t a r y  1 ink.  

The per iphera l  c i r c u l a t i o n  i n  the major v e h i c l e  f o r  surface temperature regula- 
t i o n  and heat d i s s i p a t i o n  c o n t r o l .  Deep body temperature i s  regulated by sensing 
the mean temperature o f  t h e  mixed c i r c u l a t i o n s  a t  the  hypothalamus, and c o n t r o l  1 ing  
the  r e l a t i v e  f l o w  t o  the per iphera l  c i r c u l a t i o n ,  the  body " rad ia to r " .  Reduced 
p e r i p h e r a l  c i r c u l a t i o n  prevents heat loss i n  the co ld ;  increased per iphera l  f l o w  
prov ides f o r  ovaporat ive heat loss i n  the  warm. The mean metabolism has o n l y  a 
small  e f f e c t  on temperature c o n t r o l .  Thus, t h e  400 sec. blood f l o w  cyc le  i s  t h e  
ma j o r  veh i c 1 e f o r  the rmo regu 1 a t  i on. 

While s i m i l a r  hormonal mechanisms have been pos tu la ted  f o r  t h e  longer cyc les,  
they are not  invo lved i n  the thermoregulat ion. 

Abs t rac t  o f  Nov. 17, 1964 t a l k  
i n  Proceedings o f  the  1964 
17th Annual Conference on 
Engineer ing i n  Medicine and 
B i o l  ogy. 
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